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METHOD AND DEVICE FOR GENERATING 
CONSTANT VOLTAGE 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the priority of Application No. H09-063031, 
filed March 17, 1997 in Japan, the subject matter of which is incorporated 
herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a method and a device for 
generating a constant voltage, and more particularly to a method and a 
device for generating a constant voltage that is useful to a DRAM (Dynamic 
Random Access Memory). 

BACKGROUND OF THE INVENTION 

In general, a constant voltage generation device is designed to 
includes a reference voltage generator, a differential amplifier and an 
output circuit. The reference voltage generator generates a reference 
voltage of a predetermined level. The output circuit generates an output 
voltage, which is controlled to be constant. The differential amplifier is 
supplied with the reference voltage and the output voltage to provide the 
difference between them. In response to the output signal of the 
differential amplifier, the output circuit is controlled to output a constant 
output voltage. 
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In such a constant voltage generation device, some noises may be 
entered into the reference voltage and makes problems. Especially, if short 
wave noises are successively entered into the reference voltage, the output 
voltage is oscillated. 

OBJECTS OF THE INVENTION 

Accordingly, an object of the invention is to provide a method for 
generating a constant voltage that reduces an effect of short wave noises. 

Another object of the invention is to provide a constant voltage 
generation device that reduces an effect of short wave noises. 

Additional objects, advantages and novel features of the invention 
will be set forth in part in the description that follows, and in part will 
become apparent to those skilled in the art upon examination of the 
following or may be learned by practice of the invention. The objects and 
advantages of the invention may be realized and attained by means of the 
instrumentahties and combinations particularly pointed out in the 
appended claims. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, a method for 
generating a constant voltage includes the steps of: generating a reference 
voltage; removing short wave noises from the reference voltage; generating 
an output voltage; generating a control signal based on the reference voltage 
and the output voltage; and controlling the output voltage in response to the 
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control signal to provide a constant output voltage. 

According to a second aspect of the invention, a method (for 
generating a constant voltage includes the steps of: generating a reference 
voltage; generating an output voltage; generating a control signal based on 
the reference voltage and the output voltage; and removing short wave 
noises from the control signal to provide a second control signal; controlling 
the output voltage in response to the second control signal to provide a 
constant output voltage. 

According to a third aspect of the invention, a method lor 
generating a constant voltage includes the steps of: generating a reference 
voltage; generating an output voltage; extracting short wave noises from the 
reference voltage; supplying the extracted noises into the output voltage; 
generating a control signal based on the reference voltage and the output 
voltage; and controlling the output voltage in response to the control sign al 
to provide a constant output voltage. 

According to a fourth aspect of the invention, a constant voltage 
generation device includes a reference voltage generation circuit which 
generates a reference voltage; an output circuit which generates an outpvit 
voltage; a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and a noise control circut 
which cuts off short wave noises from the reference voltage, to be supplied to 
the differential amplifier. The output voltage is controlled in response tp 
the control signal to provide a constant output voltage. 

According to a fifth aspect of the invention, a constant voltage 
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generation device includes a reference voltage generation circuit which 
generates a reference voltage; an output circuit which generates an outpu : 
voltage; a differential amplifier which generates a control signal based or L 
the reference voltage and the output voltage; and a noise control circuit 
which cuts off short wave noises from the control signal to provide a second 
control signal. The output voltage is controlled in response to the second! 
control signal to provide a constant output voltage. 

According to a sixth aspect of the invention, a constant voltage 
generation device includes a reference voltage generation circuit which 
generates a reference voltage; an output circuit which generates an output 
voltage; a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and a noise control circuit. 
The noise control circuit extracts short wave noises from the reference 
voltage, to be supplied to a first input terminal of the differential amplifier, 
and supplies the extracted noises into the output voltage, to be supplied to a 
second input terminal of the differential amplifier. The output voltage is 
controlled in level in response to the control signal to provide a constant 
output voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram illustrating a constant voltage 
generation device according to a conventional technology. 

Figs. 2 to 4 are timing charts showing the operation of the 
constant voltage generation device, shown in Fig. 1. 
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Fig. 5 is a circuit diagram illustrating a constant voltage 
generation device according to a first preferred embodiment of the 
invention. 

Figs. 6 and 7 are timing charts showing the operation of the 
constant voltage generation device, shown in Fig. 5. 

Fig. 8 is a circuit diagram illustrating a constant voltage 
generation device according to a second preferred embodiment of the 
invention. 

Fig. 9 is a circuit diagram illustrating a constant voltage 
generation device according to a third preferred embodiment of the 
invention. 

Fig. 10 is a circuit diagram illustrating a constant voltage 
generation device according to a fourth preferred embodiment of the 
invention. 

Fig. 11 is a circuit diagram illustrating a constant voltage 
generation device according to a fifth preferred embodiment of the 
invention. 

Figs. 12 and 13 are timing charts showing the operation of the 
constant voltage generation device, shown in Fig. 11. 

Fig. 14 is a circuit diagram illustrating a constant voltage 
generation device according to a sixth preferred embodiment of the 
invention. 

Fig. 15 is a circuit diagram illustrating a constant voltage 
generation device according to a seventh preferred embodiment of the 
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invention. 

Figs. 16 to 18 are circuit diagrams each illustrating a modified 
example of a low-pass filter, used in the invention. 

DETAILED DISCLOSURE QF THE INVENTION 

For better understanding of the invention, background technology- 
is first described. Fig. 1 shows a conventional device for generating a 
constant voltage, which includes a reference voltage generator Al, a 
differential amplifier A2, a negative feedback circuit A3 and an output 
circuit A4. The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N ref . The differential 
amplifier A2 detects the difference between the reference voltage and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

In the device, if the feedback voltage (divided voltage) V3 is lower 
than the reference voltage V ref , the output voltage V out is controlled to go up. 
On the other hand, if the feedback voltage (divided voltage) V3 is higher 
than the reference voltage V^, the output voltage V out is controlled to go 
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down. Thus, the output voltage V out is controlled to meet the following 
equation: 

V 0Ut = V ref *(R2+R3)/R3 

The differential amplifier A2 includes PMOS transistors MP1 and 
MP2, forming a current mirror circuit, NMOS transistors MN1 and MN2 
and a constant current source CS1. The PMOS transistor MP1 is 
connected at gate and drain to a first node Nl, and at a source to a power 
supply (Vee). The PMOS transistor MP2 is connected at a gate to the first 
node Nl, at a drain to a second node N2 and at a source to the power supply 

(yj- 

The NMOS transistor MN1 is connected at a gate to a third node, 
at a drain to the first node Nl and at a source to a fourth node N4. NMOS 
transistor MN2 is connected at a gate to the sixth node N ref , at a drain to the 
second node and at a source to the forth node N4. The constant current 
source CS1 is connected between the fourth node N4 and the ground (VJ 

The negative feedback circuit A3 includes resistors R2 and R3 
serially connected between the output node N m and the ground V^. The 
voltage V3 is generated at the third node N3, located between the resistors 
R2 and R3. In other words, the negative feedback circuit A3 generate the 
voltage V3 in accordance with the following equation: 

V3 = V out *R3/(R2+R3) 

The output circuit A4 includes a PMOS transistor MP3, a 
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constant current source CS2 and a capacitor CI. The PMOS transistor 
MP3 is connected at a gate to the second node N2, at a drain to the output 
node N out and at a source to the power supply V^. The constant current 
source CS2 is connected between the output node N out and the ground V^. 
The capacitor CI is connected between the second node N2 and the output 
node N out . 

According to the above mentioned conventional device, if noises 
having a wavelength shorter than the operation frequency of the reference 
voltage generator Al are added to the reference voltage V ref , the output 
voltage V out may be oscillated. 

Fig. 2 shows the variations of the voltages of V^, VI, V2, V3 and 
V out , in the case where intermittent long wave noises are added to the 
reference voltage V ref . At a time TO, the voltage VI at the first node Nl is 
'Vgc - V^ - a ," where V^ is the threshold voltage of each PMOS transistor. 
The voltage V2 at the second node N2 is also ' V^ - V^ - a ." The voltage 
V3 at the third node N3 is V ref , and the output voltage V out at the output 
node N out is ' V ref * (R2 + R3) / R3." 

At a time Tl, the reference voltage V ref start rising in response to a 
noise, so that the following phenomenon occurs: Current flowing through 
the NMOS transistor MN2 and the second node N2 to the ground V^ is 
increased. 

At a time T2, the current, flowing from the second node to the 
ground, is further increased, so that the voltage V2 at the second node N2 is 
lowered. As a result, current flowing from the power supply V rc through 
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the PMOS transistor MP3 to the output node N out is increased. In this case, 
the voltage V2 at the second node N2 goes down at a speed depending on 
the capacity of the first capacitor CI. Namely, when the capacity of the 
first capacitor CI is large, the voltage V2 goes down. On the other hand, 
when the capacity of the first capacitor CI is small, the voltage V2 goes 
down quickly. 

At a time T3, current flowing from the power supply to the 
output node N out is increased, so that the output voltage V out at the output 
node N out goes up. The output voltage V out goes up until the voltage V3 at 
the third node N3 (= V out * R3 / (R2 + R3)) becomes equal to the reference 
voltage V ref . 

At a time T4, when the reference voltage V ref begins going down, 
the differential amplifier A2 and the negative feedback circuit A3 operate in 
the opposite manner as at the time Tl, so that the output voltage V out and 
the voltage V3 begins going down. Those voltages are eventually stable. 
As mentioned above, when the voltage changes due to noises in a relatively 
long period, the output voltage V out follows the variations of the reference 
voltage V^f. As a result, the output voltage V out changes in level in 
synchronization with the variations of noises. 

Fig. 3 shows the variations of the voltages V^, VI, V2, V3 and V out 
in the case where intermittent short wave noises are added to the reference 
voltage V ref . It is assumed that the reference voltage V ref begins going down 
at a time T4, which is the same time or earlier than a time T3, at which the 
voltage V3 at the third node N3 begins rising. The time T3 my shift 
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depending on the falling speed of the voltage V2 at the node N2, that is, 
depending on the capacity of the first capacitor CI. The wavelength of a 
noise added to the reference voltage can be shortened independently 
from the capacity of the first capacitor CI, so that the time T4 can be 
happened at the same time or earlier than the time T3. 

The short wave noises mean, in this description, that noises 
makes the situation in which the time T4 happens at the same time or 
earlier than the time T3. In Fig. 3, the time T4 happens at the same time 
as the time T3. In the chart shown in Fig. 3, the operation of the device 
until the time T3 is the same as that in Fig. 2, therefore, the same 
description is not repeated in here. 

At a time T5, when the voltage V3 at the third node N3 goes up, 
current flowing from the first node Nl through the NMOS transistor MN1, 
whose gate is connected to the third node N3, to the ground is decreased. 

In response to the decrease of current flowing from the first node 
Nl to the ground, the voltage VI at the node Nl goes down at a time T6. 
Therefore, current flowing from the power supply through the PMOS 
transistor MP1 to the first node Nl is increased, and current flowing from 
the power supply through the PMOS transistor MP2 to the second node 
N2 is also increased. On the other hand, when the current flowing from 
the second node N2 to the ground is decreased, the voltage V2 at the 
second node N2 goes up, and current flowing from the power supply 
through the PMOS transistor MP3 to the output node N out is decreased. 

When the current flowing from the power supply to the first 
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node Nl is increased, the voltage VI at the first node Nl stops going down 
at a time T7. In response to the increase of the current flowing from the 
power supply to the second node N2, the voltage V2 at the second node 
N2 goes more up. In response to the rise of the voltage V2 at the second 
node N2, the current flowing from the power supply through the PMOS 
transistor MP3 to the output node is further decreased. In response to 
the decrease of the current flowing from the power supply to the output 
node N outJ the voltages V out and V3 at the output node N out and the third 
node N3 go down. In response to the fall of the voltage V3 at the third node, 
current flowing from the first node Nl through the NMOS transistor MN1 
to the ground is decreased. 

In response to the decrease of current flowing from the power 
supply to the output node N out at the time T7, the voltages V out and V3 at 
the output node and the third node N3 further go down at a time T8. 
In response to the fall of the voltage V3 at the third node N3, the current 
flowing from the first node Nl through the NMOS transistor MN1 to the 
ground V^ is farther decreased. In response to the decrease of current 
flowing from the first node to the ground V^, the voltage VI at the first node 
Nl goes up. When the voltage VI at the first node Nl goes up, current 
flowing from the power supply V^ through the PMOS transistor MP1 to the 
first node Nl is decreased, and also current flowing from the power supply 
Vcc through the PMOS transistor MP2 to the second node N2 is decreased 
as well. 

In response to the decrease of current flowing from the power 
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supply to the second node N2, the voltage V2 at the second node N2 goes 
down, at a time T9. The fall of the voltage V2 causes that current flowing 
from, the power supply V^ through the PMOS transistor MP3 to the output 
node be increased. In response to the decrease of current flowing from 
the power supply V^ to the first node Nl, at the time T8, the voltage VI at 
the first node Nl stops going up once, then goes up again in response to the 
decrease of current flowing from the first node Nl to the ground V^. In 
response to the rise of the voltage VI at the first node Nl, current flowing 
through from the power supply V^ through the PMOS transistor MP1 to 
the first node Nl is further decreased, also current flowing from the power 
supply V a through the PMOS transistor MP2 to the second node N2 is 
further decreased as well. 

At a time T10, voltages V out and V3 at the output node N out and the 
third node N3 go up in response to the increase of current flowing from the 
power supply V^ to the output node N m . When the voltage V3 at the third 
node N3 goes up, current flowing from the first node Nl through the NMOS 
transistor MN1 to the ground V ss is increased. When current flowing from 
the power supply V^ to the first node Nl is decreased, the voltage VI at the 
first node Nl stops going up. In response to the decrease of current flowing 
from the power supply V^ to the second node N2, the voltage V2 at the 
second node N2 further goes down. If the voltage drop at the second node 
N2 at the time T10 becomes larger than that at the time T2, the potential 
(voltage) amplitude is enlarged gradually after the time T2. As a result, 
the output voltage V out at the output node N^ is oscillated, as shown in Fig. 



-12- 



OKI- 1820 



3. 

For avoiding the above described oscillation of the output voltage 
V out , the capacity of the first capacitor Cl can be increased to increase 
discharge current (charge current) of the first capacitor Cl, which occurs at 
the output node N out in response to the rise (fall) of the voltage V2 at the 
second node N2. 

In this case, if short wave noises are involved in the reference 
voltage V ref , the discharge current (charge current) of the first capacitor Cl 
is getting larger. Accordingly, when such short wave noises are added to 
the reference voltage the increase (decrease) of the current flowing from 
the power supply to the power potential is compensated by the discharge 
current (charge current) of the first capacitor Cl. As a result, rise (fall) of 
the voltage V2 at the second node N2, which happens in response to the rise 
(fall) of the output voltage at the output node N out , is prevented. And 
therefore, the oscillation at the output node N out can be prevented. 

Even if the capacity of the first capacitor Cl is increased, the 
following problems arise if short wave noises are added to the reference 
voltage V ref : 

Fig. 4 shows the voltages V ref , VI, V2, V3 and V out which change in 
level when short wave noises are successively added to the reference voltage 

V re , 

At a time Tl, when the reference voltage V ref goes up, current 
flowing from the second node N2 through the NMOS transistor MN2 to the 
ground is increased. 
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In response to the increase of the current, flowing from the second 
node N2 to the ground V^, the voltage V2 at the second node N2 goes down, 
and current flowing from the power supply through PMOS transistor 
MP3 to the output node N out is increased, at a time T2. In response to the 
fall of the voltage V2 at the second node N2, charge current flowing from the 
output node N out to the first capacitor CI is generated. 

At a time T3, the output voltage V out at the output node N out and 
the voltage V3 at the third node N3 go up, in response to the increase of 
current flowing from the power supply V ro through the PMOS transistor 
MP3 to the output node N out . At this time, the voltages go up just a Httle at 
the output node N out and at the third node N3 in the case where the capacity 
of the first capacitor CI is large. The voltage rise is very small relative to 
that in the case where the capacity of the first capacitor CI is small, because 
the charge current flows from the output node N out to the first capacitor CI. 
Therefore, the increase of current flowing from the first node Nl through 
the NMOS transistor MN1 to the ground becomes very small. In 
addition, increase and decrease of current flowing at the following time T4 
and T5 are also very small. 

At the time T4, the voltage VI at the first node Nl goes down in 
response to the increase of current flowing from the first node Nl to the 
ground V^, and therefore, current flowing from the power supply Vo,, 
through the PMOS transistor MP2 to the second node N2 is increased. 

At the time T5, the voltage V2 at the second node N2 goes up in 
response to the increase of current flowing from the power supply to the 
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second node N2. The voltage V2 at the second node N2 goes up slowly, 
because the increase of the current flowing from the power supply to the 
second node N2 is very small. For that reason, if the short wave noises are 
added successively to the reference voltage V ref , the reference voltage V ref 
may start going up again before the voltage at the second node N2 returns 
to the level at the time Tl . If the above described operation is repeated, the 
voltage V2 at the second node N2 goes down to a level lower than that at the 
time TO, and the output voltage V out at the output node N out goes up. 
Consequently, the output voltage V out is oscillated. 

Fig. 5 shows a constant voltage generation device, according to a 
first preferred embodiment of the invention. In this embodiment, the same 
or corresponding components to those in the device shown in Fig. 1 are 
represented by the same symbols. In addition, detailed description of the 
same components are not repeated here in the first preferred embodiment 
to avoid redundant description. The constant voltage generation device of 
the first preferred embodiment includes a reference voltage generator Al, a 
differential amplifier A2, a negative feedback circuit A3, an output circuit 
A4 and a low-pass filter A5. 

The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N^. The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
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circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

The low-pass filter A5 includes a resistor R4, which is serially 
connected between the sixth node and the fifth node N5, and a capacitor 
C2, which is connected to the fifth node N5 and the ground V^. Other 
types of low-pass filters are applicable to the invention. 

Now, operation of the device according to the first preferred 
embodiment, in the case where no noise is added to the reference voltage 
Vjef, is first described. The differential amplifier A2 detects the voltage 
difference between the reference voltage V^, supplied from the reference 
voltage generator Al, and the feedback voltage V3, which is generated by 
resistor-dividing the output voltage V out at the output node N^. When the 
feedback voltage V3 is lower than the reference voltage V ref (V3 < V r< ^), the 
gate voltage of the PMOS transistor MP3 goes down to increase the output 
voltage V out . On the other hand, when the feedback voltage V3 is higher 
than the reference voltage V^f (V3 > V ref ), the gate voltage of the PMOS 
transistor MP3 goes up to decrease the output voltage V out . As a result, the 
output voltage V out at the output node N out is controlled to be a constant 
value of ' Y ref * (R2 + R3) / R3. 

Next, operation of the device according to the first preferred 
embodiment, in the case where long wave noises are intermittently added to 
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the reference voltage V^, is described in conjunction with Fig. 6. At a time 
Tl, when the reference voltage V ref starts going up gradually in response to 
the noises, current is generated based on the voltage difference between the 
reference voltage V ref and a voltage at the fifth node N5. The current start 
flowing from the resistor R4 to the fifth node N5. The current is used for 
charging the second capacitor C2, because of the long wavelength. 

At a time T2, in response to the charge of the second capacitor C2, 
the voltage V5 at the fifth node N5 start going up. The rising speed of the 
voltage V5 depends on a time constant t that is defined by the resistance of 
the resistor R4 and the capacity of the second capacitor C2. 

When the voltage V5 at the fifth node N5 starts going up, the 
voltage difference is made between the voltage V3 at the third node N3 and 
the voltage V5 at the fifth node N5. In proportional to the voltage 
difference, current flowing from the second node N2 through the NMOS 
transistor MN2 to the ground is increased. As a result, the voltage V2 
at the second node N2 goes down, and current flowing from the power 
supply through the PMOS transistor MP3, whose gate is connected to 
the second node N2, to the output node N out is increased. The voltage V2 at 
the second node N2 goes down at a speed depending on the capacity of the 
first capacitor CI. That is, the speed becomes slower if the capacity of the 
first capacitor CI is large, while the speed becomes faster if the capacity of 
the first capacitor CI is small. 

When current, flowing from the power supply to the output 
node N out , is increased, the output voltage at the output node N out goes 
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up. At the same time, the voltage V3 (= V out * R3 / (R2 + R3), to be applied 
through the negative feedback circuit A3 to the third node N3, starts going 
up. The voltage V3 at the third node N3 goes up so as to be equal to the 
voltage V5 at the fifth node N5. The current flowing from the PMOS 
transistor MP3 to the output node is eventually saturated, so that the 
output voltage V out at the output node N mt keeps a predetermined voltage. 

At a time T3, the reference voltage start going down. In 
response to the fall of the reference voltage V ref , the voltage V5 at the fifth 
node N5 becomes higher than the reference voltage V ref , and therefore, 
charge current of the second capacitor C2 start flowing from the fifth node 
N5 to the sixth node N ref . 

At a time T4, the voltage V5 at the fifth node N5 start going down. 
As mentioned above, the falling speed depends on a time constant z that is 
denned by the resistance of the resistor R4 and the capacity of the second 
capacitor C2. When the capacity of the second capacitor C2 or the 
resistance of the resistor R4 is large, the speed of falling becomes slower. 
On the other hand, when both the capacity of the second capacitor C2 and 
the resistance of the resistor R4 are small, the speed of falling becomes 
faster. 

As described before, when long wave noises are added to the 
reference voltage V ref , the variations of the reference voltage V ref is 
transferred through the low-pass filter A5 to the fifth node N5. As a result, 
the output voltage at the output node N out only changes slowly 
(gradually), and the change happens temporarily but not successively. 
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Next, operation of the device according to the first preferred 
embodiment, in the case where short wave noises are intermittently added 
to the reference voltage V ref , is described in conjunction with Fig. 7. In this 
case, variations of the reference voltage V ref due to the short wave noises can 
not pass through the low-pass filter A5. In other words, even if the 
reference voltage V ref changes in level, the voltage V5 at the fifth node N5 
keeps being constant. 

As a result, all the voltages VI, V2, V3 and V out at the first, second, 
third and output nodes Nl, N2, N3 and N 011t can be maintained to be 
constant. Oscillation or other problems do not occur on the output voltage 
V out at the output node N out . 

Next, operation of the device according to the first preferred 
embodiment, in the case where short wave noises are successively added to 
the reference voltage V ref , is described. According to the before described 
conventional device, the problems due to successively entering short wave 
noises, such as oscillation, can not be solved. In contrast, according to the 
first preferred embodiment, even if short wave noises are successively 
added to the reference voltage V^, the effect of the noises are shut out by 
the low-pass filter A5, so that the voltage V5 at the fifth node N5 can be 
maintained being constant. 

As a result, all the voltages VI, V2, V3 and V out at the first, second, 
third and output nodes Nl, N2, N3 and N out can be maintained to be 
constant. Oscillation or other problems do not occur on the output voltage 
V out at the output node N out . 
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As described above, according to the first preferred embodiment, 
the low-pass filter A5 is provided between the reference voltage generator 
Al and the differential amplifier A2, so that voltage variations due to the 
short wave noises is not transferred to the input terminal of the differential 
amplifier A2. As a result, oscillation and voltage variations of the output 
voltage V out at the output node can be effectively avoided, and therefore, 
the output voltage V out is maintained being constant. 

Fig. 8 shows a constant voltage generation device, according to a 
second preferred embodiment of the invention. In this embodiment, the 
same or corresponding components to those in the devices shown in Figs. 1 
and 5 are represented by the same symbols. In addition, detailed 
description of the same components are not repeated here in the second 
preferred embodiment to avoid redundant description. The constant 
voltage generation device of this embodiment includes a reference voltage 
generator Al, a differential amplifier A2, a negative feedback circuit A3, an 
output circuit A4 and a low-pass filter A5. 

The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N^. The differential 
amplifier A2 detects the difference between the reference voltage and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
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voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

The low-pass filter A5 includes an NMOS transistor MN8, which 
is serially connected between the sixth node N ref and the fifth node N5, and 
a capacitor C2, which is connected to the fifth node N5 and the ground V^. 
The difference between the first and second preferred embodiments is the 
components of the low-pass filter A5. The operation of the second 
preferred embodiment is almost the same as that of the first preferred 
embodiment, shown in Fig. 5. 

Fig. 9 shows a constant voltage generation device, according to a 
third preferred embodiment of the invention. In this embodiment, the 
same or corresponding components to those in the devices shown in Figs. 1, 
5 and 8 are represented by the same symbols. In addition, detailed 
description of the same components are not repeated here in this 
embodiment to avoid redundant description. The constant voltage 
generation device of this embodiment includes a reference voltage generator 
Al, a differential amplifier A2, a negative feedback circuit A3, an output 
circuit A4 and a low-pass filter A6. 

The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N ref . The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
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negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N^. 

The low-pass filter A6 includes a resistor R6, which is serially 
connected between the second node N2 and the output circuit A4, and a 
capacitor C4, which is connected to the second node N5 and the ground V^. 
The difference between the first and third preferred embodiments is the 
arrangement of the low-pass filter A6. In the third preferred embodiment, 
the low-pass filter A6 removes (cuts off) short wave noises from a signal 
(control signal) at the second node N2, which is the output signal of the 
differential amplifier A2, to generate a second control signal S2 to be 
supplied to the output circuit A4. The output circuit A4 is controlled with 
the second control signal S2 to provide a constant output voltage V out at the 
output node N out . 

According to the third preferred embodiment, the low-pass filter 
A6 is provided between the differential amplifier A2 and the output circuit 
A4, so that voltage variations due to the short wave noises is not transferred 
to the input terminal of the output circuit A4, even though the reference 
voltage V ref involves short wave noises. As a result, oscillation and voltage 
variations of the output voltage V out at the output node can be effectively 
avoided, and therefore, the output voltage V out is maintained being constant. 
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Fig. 10 shows a constant voltage generation device, according to a 
fourth preferred embodiment of the invention. In this embodiment, the 
same or corresponding components to those in the devices shown in Figs. 1, 
5, 8 and 9 are represented by the same symbols. In addition, detailed 
description of the same components are not repeated here in this 
embodiment to avoid redundant description. The constant voltage 
generation device of this embodiment includes a reference voltage generator 
Al, a differential amplifier A2, a negative feedback circuit A3, an output 
circuit A4 and a pair of low-pass filters A5 and A6. 

The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N rf . The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

The low-pass filters A5 and A6 are designed and arranged to be 
the same as those in the first and third preferred embodiment, shown in 
Figs. 5 and 9, respectively. The low-pass filter A5 is designed to remove 
(cut off) short wave noises from the reference voltage V ref at the sixth node 
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N ref to maintain the reference voltage being constant. The low-pass filter 
A6 is designed to remove (cuts off) short wave noises from a signal (control 
signal) at the second node N2, which is the output signal of the differential 
amplifier A2, to generate a second control signal S2 to be supplied to the 
output circuit A4. The output circuit A4 is controlled with the second 
control signal S2 to provide a constant output voltage V out at the output node 
N out . 

According to the fourth preferred embodiment, the low-pass niters 
A5 and A6 are provided between the differential amplifier A2 and the 
output circuit A4, and between the differential amplifier A2 and the output 
circuit A4, respectively, so that voltage variations due to the short wave 
noises is not transferred to the input terminal of the output circuit A4. As 
a result, oscillation and voltage variations of the output voltage V out at the 
output node N out can be effectively avoided, and therefore, the output voltage 
V out is maintained being constant. 

Fig. 11 shows a constant voltage generation device, according to a 
fifth preferred embodiment of the invention. In this embodiment, the same 
or corresponding components to those in the devices shown in Figs. 1, 5, 8, 9 
and 10 are represented by the same symbols. In addition, detailed 
description of the same components are not repeated here in this 
embodiment to avoid redundant description. The constant voltage 
generation device of this embodiment includes a reference voltage generator 
Al, a differential amplifier A2, a negative feedback circuit A3, an output 
circuit A4 and a third capacitor C3. 
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The reference voltage generator Al generates a predetermined 
reference voltage V ref and supplies it to a sixth node N^. The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

The third capacitor C3 is connected to the input terminals of the 
differential amplifier A2, that is the feature of this embodiment. In other 
words, the third capacitor C3 is connected between the third node N3 and 
the sixth node N ref so as to supply voltage-variations due to short wave 
noises to both the input terminals of the differential amplifier A2. 

Now, operation of the device according to the fifth preferred 
embodiment, in the case where no noise is added to the reference voltage 
V ref , is first described. The differential amplifier A2 detects the voltage 
difference between the reference voltage V ref , supplied from the reference 
voltage generator Al, and the feedback voltage V3, which is generated by 
resistor-dividing the output voltage V out at the output node N out . When the 
feedback voltage V3 is lower than the reference voltage V ref (V3 < V ref ), the 
gate voltage of the PMOS transistor MP3 is decreased to increase the 



-25- 



OKI- 1820 



output voltage V out . On the other hand, when the feedback voltage V3 is 
higher than the reference voltage V ref (V3 > VJ, the gate voltage of the 
PMOS transistor MP3 is increased to decrease the output voltage V out . As 
a result, the output voltage V out at the output node N 0Ilt is controlled to be a 
constant value of ' * (R2 + R3) / R3. 

Next, operation of the device according to the fifth preferred 
embodiment, in the case where long wave noises are intermittently added to 
the reference voltage V ref , is described in conjunction with Fig. 12. In this 
case, the voltage variations of the reference voltage is small, so that the 
third capacitor C3 can be seen as a high-impedance circuit. As a result, 
charging and discharging current is very small, and therefore, the third 
capacitor C3 can be seen not to exist in the circuitry. 

As shown in Fig. 12, when the reference voltage V ref starts going 
up in response to the noises, the voltage V2 at the second node N2 goes 
down, then the output voltage V out at the output node N out and the voltage 
V3 at the third node N3 start going up. However, those kind of voltage 
variations is temporarily, but not repeated. As a result, the output voltage 
V out at the output node N out only changes slowly (gradually), and the change 
happens temporarily but not repeated. 

Next, operation of the device according to the fifth preferred 
embodiment, in the case where short wave noises are intermittently added 
to the reference voltage V ref , is described in conjunction with Fig. 13. In 
this embodiment, the third capacitor C3 functions as a low-impedance 
circuit relative to voltage variations due to the noises, so that large amount 
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of charge current and discharge current flow through the capacitor C3. 
Thus, more current (charge current) is flowing through the third capacitor 
C3 than through the resistor R2, so that the voltage V3 at the third node N3 
changes in synchronization with the reference voltage V ref . 

When the reference voltage V ref goes up, the voltage V3 at the 
third node N3 goes up as well in response to the charge current. In 
contrast, when the reference voltage V ref goes down, the voltage V3 at the 
third node N3 goes down. The change of situation between the rise and fall 
of the voltage V3 happens quickly without a time delay, such as for the 
conventional circuit. 

The temporarily decreased (increased) current, flowing though the 
NMOS transistor MN1 and the PMOS transistors MP1 and MP2, can be 
controlled to be equal to drain current of the NMOS transistor MN2. As a 
result, the voltage variations at the second node N2 in response to the rise 
(fall) of the reference voltage V ref becomes small. When the reference 
voltage V ref becomes stable, the voltage V2 at the second node N2 becomes 
as it was before the voltage variations happens. The voltage variations of 
the output voltage V out at the output node N out does not larger than that of 
the reference voltage V ref . The voltage variations of the output voltage V out 
is not repeated. 

Next, operation of the device according to the fifth preferred 
embodiment, in the case where short wave noises are successively added to 
the reference voltage V ref , is described. Basically, the operation in this case 
is the same as that in the case of intermittent short wave noises. The 
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variations of the reference voltage V ref is supplied to both the input 
terminals of the differential amplifier A2 in the common mode, so that the 
effect of the variations is converged for each wave. As a result, even if the 
short wave noises are successively added to the reference voltage the 
voltages V ref and V3 at the sixth and third nodes N ref and N3 become 
identical when the voltage variations is end. 

As described above, according to the fifth preferred embodiment, 
the third capacitor C3 is provided between the sixth node N ref and the third 
node N3, so that variations of the reference voltage V ref due to the short 
wave noises is transferred to the third node N3 in the common mode. As a 
result, the voltage V2 at the second node N2 changes in synchronizing with 
the variations of the reference voltage V^f, and therefore, the output voltage 
V out at the output node N out can be maintained being constant when the 
variations of the reference voltage is end. 

Fig. 14 shows a constant voltage generation device, according to a 
sixth preferred embodiment of the invention. In this embodiment, the 
same or corresponding components to those in the devices shown in Figs. 1, 
5, 8, 9, 10 and 12 are represented by the same symbols. In addition, 
detailed description of the same components are not repeated here in this 
embodiment to avoid redundant description. The constant voltage 
generation device of this embodiment includes a reference voltage generator 
Al, a differential amplifier A2, a negative feedback circuit A3, an output 
circuit A4 and a high-pass filter A7. 

The reference voltage generator Al generates a predetermined 
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reference voltage V ref and supplies it to a sixth node N ref . The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage V out of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V 011t in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N out . 

The high-pass filter A7 includes a capacitor C7, which is connected 
to the input terminals of the differential amplifier A2, and a resistor A7, 
which is connected to the node N3 and the ground V^. 

In the same manner as the fifth preferred embodiment, shown in 
Fig. 11, variations of the reference voltage V ref due to short wave noises is 
transferred to the third node N3 in the common mode. As a result, the 
voltage V2 at the second node N2 changes in synchronizing with the 
variations of the reference voltage V^, and therefore, the output voltage V out 
at the output node N out can be maintained being constant when the 
variations of the reference voltage is end. 

Fig. 15 shows a constant voltage generation device, according to a 
seventh preferred embodiment of the invention. In this embodiment, the 
same or corresponding components to those in the devices shown in Figs. 1, 
5, 8, 9, 10, 12 and 14 are represented by the same symbols. In addition, 
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detailed description of the same components are not repeated here in this 
embodiment to avoid redundant description. The constant voltage 
generation device of this embodiment includes a reference voltage generator 
Al, a differential amplifier A2, a negative feedback circuit A3, an output 
circuit A4, a low-pass filter A5 and a capacitor C3. 

The reference voltage generator Al generates a predetermined 
reference voltage and supplies it to a sixth node N ref . The differential 
amplifier A2 detects the difference between the reference voltage V ref and a 
feedback voltage V3 from the negative feedback circuit A3, and amplifies 
the difference to generate an output signal (control signal) V2. The 
negative feedback circuit A3 divides an output voltage of the output 
circuit A4 and supplies the divided voltage to an input terminal of the 
differential amplifier A2. The output circuit A4 generates the output 
voltage V out in response to the control signal V2 at a node N2, supplied from 
the differential amplifier A2. The output voltage V out is supplied to an 
output node N^. 

It can be understood that the seventh preferred embodiment, 
shown in Fig. 15, includes the feature combining the first preferred 
embodiment and the fifth preferred embodiment shown in Figs. 5 and 11. 

According to the seventh preferred embodiment, the low-pass 
filter A5 is provided between the reference voltage generator Al and the 
differential amplifier A2, so that voltage variations due to the short wave 
noises is not transferred to an input terminal of the differential amplifier A2. 
In addition, even though short wave noises are added to the reference 
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voltage variations of the reference voltage V ref due to short wave noises 
is transferred to the third node N3 in the common mode, because the 
capacitor C3 is provided between the fifth node N5 and the third node N3. 
As a result, the voltage V2 at the second node N2 changes in synchronizing 
with the variations of the reference voltage V^. Consequently, oscillation 
and voltage variations of the output voltage V out at the output node N out can 
be effectively avoided, so that the output voltage V out at the output node N out 
can be maintained being constant. 

It will be understood that the above description of the present 
invention is susceptible to various modifications, changes and adaptations, 
and the same are intended to be comprehended with the meaning and 
range of equivalents of the appended claims. 

For example, in the above described first, third, fourth and 
seventh preferred embodiments, shown in Figs. 5, 9, 10 and 15, the low-pass 
filter A5 and A6 can be modified to be as shown in Figs. 16 and 17. The 
low-pass filter, shown in Fig. 16 is composed only of the capacitor C2, while 
the low-pass filter, shown in Fig. 17, is composed only of the resistor R4. 
Further, as shown in Fig. 18, the capacitor C2 and the resistor R4 can be of 
variable type to provide better control of the output voltage V out . In the 
fifth and seventh preferred embodiments, shown in Figs. 11 and 15, the 
capacitor C3 can be of variable type to provide better control of the output 
voltage V out . 

In each embodiment, the output voltage V out at the output node 
N out is divided to generate the voltage V3 n the negative feedback circuit A3, 
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however, the output voltage V out at the output node N out can be directly 
applied to the differential amplifier A2. The transistors used in each 
embodiment can be opposite type between P-channel and N-channel. The 
transistors used in each embodiment is not limited by MOS type, but can be 
other types, such as bipolar type. 
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What is claimed is: 

1. A method for generating a constant voltage, comprising the 

steps of: 

generating a reference voltage; 

removing short wave noises from the reference voltage; 
generating an output voltage; 

generating a control signal based on the reference voltage and the 
output voltage; and 

controlling the output voltage in response to the control signal to 
provide a constant output voltage. 

2. A method for generating a constant voltage, comprising the 

steps of: 

generating a reference voltage; 
generating an output voltage; 

generating a control signal based on the reference voltage and the 
output voltage; and 

removing short wave noises from the control signal to provide a 
second control signal; 

controlling the output voltage in response to the second control 
signal to provide a constant output voltage. 
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3. A method for generating a constant voltage, comprising the 

steps of: 

generating a reference voltage; 
generating an output voltage; 

extracting short wave noises from the reference voltage; 

supplying the extracted noises into the output voltage; 

generating a control signal based on the reference voltage and the 
output voltage; and 

controlling the output voltage in response to the control signal to 
provide a constant output voltage. 

4. A constant voltage generation device, comprising: 

a reference voltage generation circuit which generates a reference 

voltage; 

an output circuit which generates an output voltage; 

a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and 

a noise control circuit which removes short wave noises from the 
reference voltage, to be supplied to the differential amplifier, wherein 

the output voltage is controlled in response to the control signal to 
provide a constant output voltage. 

5. The constant voltage generation device, according to claim 4, 

wherein 
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the noise control circuit comprises a resistor serially connected 
between the reference voltage generation circuit and a first input terminal 
of the differential amplifier. 

6. The constant voltage generation device, according to claim 5, 

wherein 

the noise control circuit further comprises a capacitor, which is 
connected at an electrode to a first terminal and at the other electrode to the 
first input terminal of the differential amplifier. 

7. The constant voltage generation device, according to claim 6, 

wherein 

the first terminal is grounded. 

8. The constant voltage generation device, according to claim 6, 

wherein 

the capacitor is a variable type of capacitor, and the resistor is a 
variable type of resistor. 

9. The constant voltage generation device, according to claim 4, 

wherein 

the noise control circuit comprises a transistor serially connected 
at source and drain between the reference voltage generation circuit and a 
first input terminal of the differential amplifier; and a capacitor connected 

-35- 



OKI-1820 



at an electrode to the transistor and at the other electrode to the first input 
terminal of the differential amplifier. 

10. A constant voltage generation device, comprising: 

a reference voltage generation circuit which generates a reference 

voltage; 

an output circuit which generates an output voltage; 

a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and 

a noise control circuit which removes short wave noises from the 
control signal to provide a second control signal, wherein 

the output voltage is controlled in response to the second control 
signal to provide a constant output voltage. 

1 1. The constant voltage generation device, according to claim 10, 

wherein 

the noise control circuit comprises a resistor serially connected 
between an output terminal of the differential amplifier and an input 
terminal of the output circuit; and a capacitor connected between a second 
terminal and the output terminal of the differential amplifier. 

12. The constant voltage generation device, according to claim 1 1, 

wherein 

the second terminal is grounded. 



-36- 



OKI- 1820 



13. A constant voltage generation device, comprising: 

a reference voltage generation circuit which generates a reference 

voltage; 

an output circuit which generates an output voltage; 

a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and 

a first noise control circuit which removes short wave noises from 
the reference voltage; and 

a second noise control circuit which removes short wave noises 
from the control signal to provide a second control signal, wherein 

the output voltage is controlled in response to the second control 
signal to provide a constant output voltage. 

14. The constant voltage generation device, according to claim 13, 

wherein 

the first noise control circuit comprises a first resistor serially 
connected between the reference voltage generation circuit and a first input 
terminal of the differential amplifier; and a first capacitor connected 
between a first terminal and the first input terminal of the differential 
amplifier; and 

the second noise control circuit comprises a second resistor serially 
connected between an output terminal of the differential amplifier and an 
input terminal of the output circuit; and a second capacitor connected 
between a second terminal and the output terminal of the differential 
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amplifier. 

15. The constant voltage generation device, according to claim 14, 

wherein 

each of the first and second teiroinals is grounded. 

16. A constant voltage generation device, comprising: 

a reference voltage generation circuit which generates a reference 

voltage; 

an output circuit which generates an output voltage; 

a differential amplifier which generates a control signal based on 
the reference voltage and the output voltage; and 

a noise control circuit which extracts short wave noises from the 
reference voltage, to be supplied to a first input terminal of the differential 
amplifier, and supplies the extracted noises into the output voltage, to be 
supplied to a second input terminal of the differential amplifier, wherein 

the output voltage is controlled in level in response to the control 
signal to provide a constant output voltage. 

17. The constant voltage generation device, according to claim 16, 

wherein 

the noise control circuit comprises a capacitor connected between 
the first input terminal and the second input terminal of the differential 
amplifier so that an effect of the short wave noises is cancelled. 
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18. The constant voltage generation device, according to claim 16, 

wherein 

the noise control circuit is a high-pass filter, which is connected 
between the first and second input terminals of the differential amplifier. 

19. The constant voltage generation device, according to claim 16, 
further comprising: 

a second noise control circuit which removes short wave noises 
from, the reference voltage. 
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ABSTRACT OF THE DISCLOSURE 



In a method for generating a constant voltage, a reference voltage 
is generated. Short wave noises are cut off from the reference voltage. A 
control signal is generated based on the reference voltage and an output 
voltage. The output voltage is controlled in response to the control signal 
to provide a constant output voltage. 
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on (if applicable). 



I hereby state that I have reviewed and understand the content of the above-identified specification, including the claims, as amended by 
any amendment(s) referred to above. 

I acknowledge my duty to disclose to the Patent and Trademark Office all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (and §172 if this application is for a Design) of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below any foreign application for patent or 
inventor's certificate having a filing date before that of the application on which priority is claimed: 



COUNTRY 


APPLICATION NO. 


DATE OF FILING 


PRIORITY 
CLAIMED 


Japan 


H9-63031 


March 17, 1997 


Yes 











































I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code §1 12, 1 acknowledge the duty to disclose information material to patentability as defined 
in Title 37, Code of Federal Regulations, §1.56 which occurred between the filing date of the prior application and the national or PCT 
international filing date of this application: 



APPLICATION SERIAL NO. 



U.S. FILING DATE 



STATUS: PATENTED, PENDING, 
ABANDONED 
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And I hereby appoint John T. Miller, Reg. No. 21,120; Michael R. Davis, Reg. No. 25,134; Matthew M. Jacob, Reg. No. 25,154; 
Jeffrey Nolton, Reg. No. 25,408; Warren M. Cheek, Jr., Reg. No. 33,367; Nils E. Pedersen, Reg. No. 33,145; and, Charles R. Watts! 
Reg. No. 33,142, who together constitute the firm of WENDEROTH, LIND & PONACK, jointly and severally, attorneys to prosecute 
this application and to transact all business in the U.S. Patent and Trademark Office connected therewith. 

I hereby authorize the U.S. attorneys named herein to accept and follow instructions from 

Iizuka & Associates as to any action to be taken in the U.S. Patent 

and Trademark Office regarding this application without direct communication between the U.S. attorneys and myself. In the event of 
a change in the persons from whom instructions may be taken, the U.S. attorneys named herein will be so notified by me. 



Send Correspondence to Direct Telephone Calls to: 

WENDEROTH, LIND & PONACK WENDEROTH, LIND & PONACK 

Southern Building - Suite 700 Area Code (202) 371-8850 

805 Fifteenth Street, N.W. 

Washington, D.C. 20005 Direct Facsimile Messages to: 

Area Code (202) 371-8856 



Full Name of 
First Inventor 


FAMILY NAME FIRST GIVEN NAME 

MATSUI Katsuaki 




Residence & 
Citizenship 


CITY STATE OR COUNTRY 

Tokyo Japan 


COUNTRY OF CITIZENSHIP 

Japan 


Post Office 
Address 


ADDRESS CITY 

7-12, Toranomon 1-chome, Minato-ku, Tokyo, Japan 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Second Inventor 


FAMILY NAME FIRST GIVEN NAME 

SEKINO Yoshimasa 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY 

Tokyo Japan 


COUNTRY OF CITIZENSHIP 

Japan 


Post Office 
Address 


ADDRESS CITY 

7-12, Toranomon 1-chome, Minato-ku, Tokyo, Japan 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Third Inventor 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Fourth Inventor 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY 


STATE OR COUNTRY ZIP CODE 
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Full Name of 
Fifth Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 


Full Name of 
Sixth Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Seventh Inventor 


FAMILY NAME 


FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 




STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 




CITY 


STATE OR COUNTRY ZIP CODE 



I further declare that all statements made herein of my own knowledge are true, and that all statements on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 



1st Inventor _ 
2nd Inventor _ 
3rd Inventor _ 
4th Inventor _ 
5th Inventor _ 
6th Inventor _ 
7th Inventor 



Katsuaki MATSUI 



Yoshimasa SEKINO 



Date_ 
Date_ 
Date_ 
Date _ 
Date_ 
Date _ 
Date _ 



The above application may be more particularly identified as follows: 

U.S. Application Serial No. Filing Date January 21. 1998 

Applicant Reference Number OKH820-US Atty Docket No. 1570/1820-US 

Title of Invention METHOD AND DEVICE FOR GENERATING CONSTANT VOLTAGE 
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